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LIGHT EMITTING ELEMENT AND LIGHT 
EMITTING DEVICE 

0001. The present application is based on Japanese patent 
application Nos. 2003-373273, 2003-401 120 and 2004 
109431, the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to a light emitting element 
and a light emitting device using the same, and particularly 
relates to a light emitting element and a light emitting device 
that are provided with an improved external radiation effi 
ciency in light radiated from the Semiconductor layer. 
0004 2. Description of the Related Art 
0005 Conventionally, light emitting devices are known 
that an LED (light emitting diode) element is mounted on a 
Substrate with a lead frame or a wiring pattern formed 
thereon. For Such light emitting devices, it is important to 
increase the external radiation efficiency by reducing light 
confined in the LED element to offer high brightness and 
output. 

0006 The LED element used for the light emitting device 
includes a face-up type LED element. The face-up type LED 
element is Structured Such that p-type and n-type Semicon 
ductor layers including a light emitting layer are grown on 
a Substrate Such as a Sapphire (Al2O) Substrate by vapor 
phase growth method, a passivation film for protecting the 
Semiconductor layer or electrode is formed thereon So as to 
enhance the reliability, and the Semiconductor layerS Side is 
used as the light radiation Surface (light extraction Surface). 
0007 Japanese patent application laid-open No. 
6-291366 (prior art 1) discloses a face-up type LED element 
that has a passivation film of SnO2 to increase the external 
radiation efficiency. In prior art 1, the LED element is 
composed of a Sapphire Substrate and GaN-based compound 
semiconductor layers (with refractive index n=2.4) formed 
on the Sapphire Substrate, and its electrodes are disposed on 
the light radiation Surface. The light radiation Surface except 
for the electrodes is provided with SnO film (n=1.9) as a 
transparent electrode formed thereon, and the entire LED 
element is covered with a Seal member of epoxy resin 
(n=1.5) to form a lamp type LED (FIG. 1 in prior art 1). 
0008 Further, the LED element used for the light emit 
ting device includes a flip-chip type LED element. The 
flip-chip type LED element is structured Such that Semicon 
ductor layers are formed on a transparent Substrate Such as 
a Sapphire Substrate and the transparent Substrate Side is used 
as the light radiation Surface. 
0009 Japanese patent application laid-open No. 2002 
219708 (prior art 2) discloses a flip-chip type LED element 
(LED chip) that an uneven face is provided on the light 
extraction Surface Side of Substrate to reduce the light loSS. 
0.010 FIG. 1 is a cross sectional view showing an LED 
element disclosed in prior art 2. In the LED element 200, 
nitride semiconductor layers composed of a GaN buffer 
layer 202, an n-type Semiconductor layer 203 and a p-type 
Semiconductor layer 204 are formed on a Sapphire Substrate 
201, a p-type electrode 205 is formed on the p-type semi 
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conductor layer 204, and an n-type electrode 206 is formed 
on the n-type semiconductor layer 203. The LED element 
200 is flip-chip bonded through bumps 230a, 230b onto a 
mount board 210. On the opposite face of Sapphire substrate 
201 to the Surface thereof with the nitride semiconductor 
layers formed, uneven surfaces 201a, 201b of 1 um or so are 
formed by polishing the opposite face while adjusting the 
grain size of an abrasive (paragraphs 0022-0024 and 
FIG. 2 in prior art 2). 

0011. However, the conventional LED elements have the 
next problems. 

0012 (1) If the optical distance (the product of optical 
path length and medium refractive index) of film thickness 
is 4 or (2 m+1)/4, m is an integer times of emission 
wavelength, of light coming from the GaN-based compound 
Semiconductor layer to the SnO film, perpendicular incident 
light has an phase difference to light reflected at the interface 
of epoxy resin and SnO2 film that causes to reduce the 
interface reflection light and to increase the interface trans 
mission light in light coming from the GaN-based com 
pound semiconductor layer to the SnO film. Therefore, the 
external light extraction efficiency can be enhanced. In like 
manner, light with Such an incident angle that the optical 
distance in the SnO film (the optical distance of light 
entered into the SnO film from the GaN-based compound 
Semiconductor layer, reflected at the interface of epoxy resin 
and SnO film, returned to the SnO film and the GaN-based 
compound semiconductor layer) becomes 4 or (2 m+1)/4; 
m is an integer times of emission wavelength has such an 
phase difference that causes to reduce the interface reflection 
light and to increase the interface transmission light. How 
ever, if the thin film does not have a large value of m, Such 
light entered to this specific direction from the interface only 
occupies a Small part of all light emitted from the light 
emitting layer. 

0013. On the other hand, in the case of light subjected to 
total reflection when being entered at an angle greater than 
its critical angle to the SnO interface from the GaN-based 
compound Semiconductor layer, the abovementioned effect 
of SnO film is not obtained because return light as inter 
ference light to this light is not generated at the interface of 
the SnO film and the epoxy resin. Provided that light 
emitted from the light emitting layer is regarded as perfect 
diffusion light and is externally emitted only from the upper 
surface, light from the GaN-based semiconductor layer to be 
subjected to total reflection at the SnO film interface occu 
pies about 65% of all light. 

0014) (2) In practical use, the LED element disclosed in 
prior art 2 is generally Sealed with epoxy resin with a 
refractive index of 1.5. In this case, the light extraction 
efficiency (external radiation efficiency) can be little 
improved even when the Surface of Sapphire Substrate with 
a refractive index of 1.7 is roughened. Thus, most of light 
will be confined in the semiconductor layers and therefore 
the light emitting device will not offer a high brightness. 

SUMMARY OF THE INVENTION 

0015. It is an object of the invention to provide a light 
emitting element and a light emitting device that are pro 
Vided with an improved external radiation efficiency in light 
radiated from the Semiconductor layer. 
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0016. According to one aspect of the invention, a light 
emitting element comprises: 

0017 a light emitting layer of semiconductor; and 

0018 a diffusion layer that diffuses light emitted 
from the light emitting layer to increase the external 
radiation efficiency of the light emitting element. 

0.019 According to another aspect of the invention, a 
light emitting element comprises: 

0020 

0021 a diffusion layer that has a refractive index 
equal to or greater than that of the light emitting layer 
and that diffuses light emitted from the light emitting 
layer to increase the external radiation efficiency of 
the light emitting element, 

0022 wherein the light emitting layer has a refrac 
tive indeX equal to or greater than that of any layers 
formed between the light emitting layer and the 
diffusion layer. 

a light emitting layer of Semiconductor; and 

0023. According to another aspect of the invention, a 
light emitting device comprises: 

0024 a light emitting element that comprises semi 
conductor layers including a light emitting layer, an 
electrode to Supply electric power to the light emit 
ting layer, and a transparent protection layer for 
protecting the Semiconductor layerS and the elec 
trode, the protection layer having a refractive indeX 
Substantially equal to that of the Semiconductor 
layers, and 

0025 a light extraction portion that is disposed on 
the protection layer to coat the Surface of the light 
emitting element and to enhance the external radia 
tion efficiency of light emitted from the light emit 
ting layer. 

0026. According to another aspect of the invention, a 
light emitting device comprises: 

0027 a light emitting element that comprises semi 
conductor layers including a light emitting layer, an 
electrode to Supply electric power to the light emit 
ting layer, and a transparent protection layer for 
protecting the Semiconductor layerS and the elec 
trode, 

0028 a light extraction portion that is disposed on 
the protection layer to coat the Surface of the light 
emitting element and to enhance the external radia 
tion efficiency of light emitted from the light emit 
ting layer, and 

0029 a light transmitting material portion that is 
disposed on the Surface of the light extraction por 
tion, 

0030 wherein the light extraction portion and the 
protection layer have a refractive index greater than 
that of the light transmitting material portion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0031. The preferred embodiments according to the inven 
tion will be explained below referring to the drawings, 
wherein: 

0032 FIG. 1 is a cross sectional view the conventional 
LED element disclosed in prior art 2; 
0033 FIG. 2A is a cross sectional view showing a light 
emitting device in a first preferred embodiment according to 
the invention; 
0034 FIG. 2B is an enlarged cross sectional view show 
ing an LED element 2 in FIG. 2A; 
0035 FIG. 3 is an explanatory diagram showing the light 
transmission State in a light emitting device Sealed with 
epoxy resin; 
0036 FIG. 4 is a side view showing an LED element in 
a Second preferred embodiment according to the invention; 
0037 FIG. 5 is an enlarged cross sectional view showing 
part of an LED element in a third preferred embodiment 
according to the invention; 
0038 FIG. 6 is an enlarged cross sectional view showing 
part of an LED element in a fourth preferred embodiment 
according to the invention; 
0039 FIG. 7 is an enlarged cross sectional view showing 
a TiO portion 28B in FIG. 6; 
0040 FIG. 8A is a cross sectional view showing a light 
emitting device in a fifth preferred embodiment according to 
the invention; 
0041 FIG. 8B is an enlarged side view showing an LED 
element 10 in FIG. 8A: 
0042 FIG. 9 is a side view showing an LED element in 
a sixth preferred embodiment according to the invention; 
0043 FIG. 10A is a cross sectional view showing a light 
emitting device in a Seventh preferred embodiment accord 
ing to the invention; 
0044 FIG. 10B is an explanatory diagram showing the 
light radiation state in an LED element 10 in FIG. 10A; 
004.5 FIG. 11A is a side view showing an LED element 
in an eighth preferred embodiment according to the inven 
tion; 
0046 FIG. 11B is a top view showing part of surface of 
the LED element 10 viewed to a direction of arrow b in FIG. 
11A; 
0047 FIG. 12 is a side view showing an LED element in 
a ninth preferred embodiment according to the invention; 
0048 FIG. 13 is a side view showing an LED element in 
a tenth preferred embodiment according to the invention; 
0049 FIG. 14 is a side view showing an LED element in 
an eleventh preferred embodiment according to the inven 
tion; 
0050 FIG. 15 is a side view showing an LED element in 
a twelfth preferred embodiment according to the invention; 
and 

0051 FIG. 16 is an enlarged side view showing part of 
uneven portion 120A in FIG. 15 with a thin film of SiN 
(n=1.8) as an interference film formed thereon. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

0.052 Composition of Light Emitting Device 1 
0.053 FIG. 2A is a cross sectional view showing a light 
emitting device in the first preferred embodiment according 
to the invention. FIG.2B is an enlarged cross sectional view 
showing an LED element 2 in FIG. 2A. 
0.054 The light emitting device 1 is composed of: a 
GaN-based LED element 2 that has an Al-O porous portion 
20A on the light extraction face side of a Sapphire (Al2O) 
substrate 20; a submount 4 that is electrically connected 
through Au bumps 3A, 3B to electrodes of LED element 2; 
Ag paste 5 that fixes the Submount 4 to a cup portion 6a 
provided at the end of one lead 6A as well as electrically 
connecting the Submount 4 thereto, an Au wire 7 that 
electrically connects the submount 4 to a lead 6B; an 
element Sealing portion 8 that Seals an element receiving 
portion 6C with the LED element 2 received therein with 
Seal resin; and a Seal member 9 that integrally covers the 
leads 6A, 6B, the element receiving portion 6C, and the wire 
7 with epoxy resin to form the lamp type light emitting 
device. 

0055 Composition of LED Element 2) 
0056. As shown in FIG. 2B, the LED element 2 is 
composed of: the Al-O porous portion 20A; the sapphire 
substrate 20; an AlN buffer layer 21; an n-type GaN cladding 
layer 22, multiple layerS 23 including a light emitting layer; 
a p-type AlGaN cladding layer 24, a p-type GaN contact 
layer 25, an n-type electrode 26, and a p-type electrode 27. 
Nitride-based semiconductor layers 30 includes the AIN 
buffer layer 21, n-type GaN cladding layer 22, multiple 
layers 23, p-type AlGaN cladding layer 24 and p-type GaN 
contact layer 25 that are Sequentially grown on the Sapphire 
substrate 20. The LED element 2 emits bluish light with an 
emission wavelength of 460 nm. 
0057 The Al-O porous portion 20A is formed by sol-gel 
method using Al alkoxide on the light extraction face Side of 
Sapphire substrate 20. 
0.058. The Submount 4 is made of an n-type silicon 
substrate. The submount 4 is provided with: an n-electrode 
41 connected through the bump 3A to a p-type electrode 27; 
a p-type Semiconductor layer 42, a p-electrode 43 connected 
through the bump 3B to an n-type electrode 26, an n-elec 
trode 44 electrically connected through the Agpaste 5 to the 
cup portion 6a, and an n-type Semiconductor layer 45. The 
wire 7 is connected through a wire bonding portion 7A to the 
p-electrode 43. Electric power is supplied from the wire 7 
through the p-electrode 43 and bump 3B to the n-type 
electrode 26 of LED element 2. 

0059) Process of Making the LED Element 2 
0060. In making the LED element 2, at first, the wafer 
shaped Sapphire Substrate 20 is provided. On the Sapphire 
substrate 20, grown are AlN buffer layer 21, n-type GaN 
cladding layer 22, multiple layerS 23 including light emitting 
layer, p-type AlGaN cladding layer 24, p-type GaN contact 
layer 25, n-type electrode 26 and p-type electrode 27 by 
known growth method such as MOCVD. Then, Al alkoxide 
is coated on the opposite face of the Sapphire Substrate 20 to 
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the face thereof with the nitride-based semiconductor layers 
30 grown. The coating is conducted by known method such 
as dipping or spin-coating. Then, the Sapphire Substrate 20 
is heated Such that the Al alkoxide is thermally decomposed 
and the Al-O porous portion 20A is thereby formed on the 
sapphire substrate 20. The Al-O porous portion 20A has a 
thin-film Structure that microscopic uneven portions or voids 
are irregularly arranged therein. Finally, the Sapphire Sub 
Strate 20 with the Semiconductor layers and Al-O porous 
portion 20A formed thereon is cut into a predetermined chip 
Size (e.g., 1x1 mm) by dicing to offer LED element 2. 
0061 Operation of Light Emitting Device 1 
0062) When a voltage is applied to the LED element 2 
while connecting the leads 6A, 6B to a power Source (not 
shown), the LED element 2 emits planar blue light with a 
wavelength of 460 nm generated from the multiple layers 
23. The blue light emitted from the multiple layers 23 passes 
through the n-type cladding layer 22 and AlN buffer layer 
21, then entering into the Al-O porous portion 20A. At the 
interface, the blue light with an incident angle Smaller than 
the critical angle passes through the Al-O porous portion 
20A and then radiates externally. The blue light with an 
incident angle greater than the critical angle is diffused by 
the Al-O porous portion 20A and then radiates externally. 
0063 FIG. 3 is an explanatory diagram showing the light 
transmission State in a light emitting device Sealed with 
epoxy resin of light generated from a point 0 in GaN layer 
as shown in FIG. 3, a light component (L.) radiated at an 
angle of 0 passes through from the Sapphire Substrate 
(Al2O) to epoxy resin, a light component (L.) radiated at an 
angle of 0 is Subjected to total reflection at the interface of 
Sapphire Substrate and epoxy resin, and a light component 
(L.) radiated at an angle of 0 is Subjected to total reflection 
at the interface of GaN layer and Sapphire substrate. The 
light component Subjected to total reflection is attenuated 
while being repeatedly reflected in the layer, and therefore it 
is difficult to externally radiate the light component. 

Effect of First Embodiment 

0064. In the first embodiment, by providing the Al-O 
porous portion 20A on the light extraction Surface of Sap 
phire Substrate 20, even part of light with an incident angle 
greater than the critical angle at the interface can be exter 
nally radiated while allowing the transmission (external 
radiation) of light with an incident angle Smaller than the 
critical angle at the interface. Therefore, the light component 
to be attenuated due to the optical absorption in the LED 
element can be reduced and as a result the external radiation 
efficiency can be enhanced. In other words, even the light 
components in the range of 0 to 0 as shown in FIG. 3 can 
be externally radiated by using the Al-O porous portion 
20A. 

0065. Further, even when the LED element 2 is sealed 
with epoxy resin, the light extraction property can be 
improved since the diffusion of light is also generated at the 
interface of air in the Al-O porous portion 20A and the 
Surround. 

Second Embodiment 

0.066 Composition of LED Element 2 
0067 FIG. 4 is a side view showing an LED element in 
the Second preferred embodiment according to the inven 
tion. 
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0068. The LED element 2 of the second embodiment is 
different from that of the first embodiment in that a GaN 
substrate (refractive index n=2.4) 28 is used instead of the 
Sapphire Substrate 20 and a TiO porous portion (refractive 
index n=2.6) 28A is formed instead of the Al-O porous 
portion 20A. Thus, in the second embodiment, the materials 
with a high refractive indeX are provided on the light 
extraction face Side So as to enhance the light extraction 
property from the inside of the substrate to the outside 
thereof. Meanwhile, in FIG. 4, like components are indi 
cated by the same numerals used in FIG. 2B. 

0069. The LED element 2 with the GaN substrate 28 can 
be made by, e.g., growing a GaN bulk layer, as the GaN 
substrate 28, and the nitride-based semiconductor layers 30 
on the Sapphire Substrate 20 and then removing the Sapphire 
Substrate 20 by cutting or polishing etc. 

0070 The TiO porous portion 28A is formed by sol-gel 
method using Ti alkoxide on the light extraction face Side of 
GaN substrate 20, where the TiO porous portion 28A is 
formed thin film after conducting the thermal decomposition 
of Tialkoxide. 

Effect of Second Embodiment 

0071. In the second embodiment, by using the GaN 
substrate 28, light generated from the multiple layers 23 is 
not subjected to reflection at the interface of the nitride 
based semiconductor layers 30 and the GaN Substrate 28. 
0072 Further, by providing the TiO porous portion 28A 
with a refractive index greater than that of the GaN substrate 
28 on the light extraction face of GaN Substrate 28, the 
reflection at the interface of the GaN Substrate 28 and the 
TiO, porous portion 28A can be reduced and the entering of 
light into the TiO porous portion 28A can be more 
increased. As a result, the external radiation efficiency can be 
enhanced. 

0073. Further, since the TiO porous portion 28A is 
included in the apparent size of LED element 2 as a light 
emitting body, the light emitting element can offer high 
brightness as compared to the conventional light emitting 
element with the same size. Namely, the LED element 2 with 
the TiO2 porous portion 28A can have an increased bright 
neSS without increasing the light-source size by means of the 
enhancement in external radiation efficiency. If the LED 
element 2 is applied to a package with a light converging 
System, the package can have easineSS in optical control and 
an external radiation property with high convergence. 

0074) Further, in the second embodiment, the TiO, 
porous portion 28A may have an uneven Surface with a 
thickness of about 1 um on the light extraction face thereof. 
In this case, with the roughened Surface of material with a 
refractive index greater than 2.4, the light extraction effi 
ciency can be significantly enhanced even when the LED 
element 2 is Sealed with epoxy resin. 

Third Embodiment 

0075 Composition of LED Element 2) 

0.076 FIG. 5 is an enlarged cross sectional view showing 
part of an LED element in the third preferred embodiment 
according to the invention. 
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0077. The LED element 2 of the third embodiment is 
different from that of the second embodiment in that a TiO, 
portion 28B composed of transparent TiO particles 28a and 
TiO coating film 28b covering the TiO particles 28a is 
formed on the GaN substrate 28 instead of the TiO porous 
portion 28A. Thus, the TiO particle 28a as a transparent 
particle allows the TiO2 coating film 28b, which is trans 
parent to emission wavelength, to have an uneven Surface, 
whereby light entering into the TiO coating film 28b is 
diffused. 

0078. The TiO portion 28B is formed by sol-gel method 
using Tialkoxide containing the powered TiO2 particles 28a 
on the light extraction face side of GaN Substrate 28, where 
the TiO portion 28B is formed thin film after conducting the 
thermal decomposition of Tialkoxide. It is required that the 
thickness of TiO2 coating film 28b is made less than the 
diameter of TiO particle 28a to provide the TiO2 coating 
film 28b with the uneven Surface. 

0079 Effect of Third Embodiment 
0080. In the third embodiment, adding to the effects of 
the second embodiment, the TiO portion 28B can have an 
enlarged Surface area due to containing the TiO particles 
28a. 

0081 Further, since light entering into the TiO portion 
28B is diffused by the TiO particles 28a, the external 
radiation efficiency can be enhanced. 

0082 Further, with the roughened surface of material 
with a refractive index greater than 2.4, the light extraction 
efficiency can be significantly enhanced even when the LED 
element 2 is Sealed with epoxy resin. 
0083) Light-diffusing particles of a material other than 
TiO, may be contained in the TiO, portion 28B. In this case, 
it is required that the light-diffusing particle is transparent to 
emission wavelength, and it is desirable that the light 
diffusing particle has a refractive indeX equal to or greater 
than that of the TiO2 coating film 28b. 

Fourth Embodiment 

0084 Composition of LED Element 2 
0085 FIG. 6 is an enlarged cross sectional view showing 
part of an LED element in the fourth preferred embodiment 
according to the invention. 

0086) The LED element 2 of the fourth embodiment is 
different from that of the third embodiment in that the TiO, 
portion 28B contains phosphors 28c instead of the TiO, 
particles 28a. 

0087. The phosphor 28c is, for example, Ce:YAG 
(yttrium aluminum garnet). In this case, it is excited by blue 
light with a wavelength of 460 nm and radiates yellow 
excited light with a wavelength of 520 to 550 nm. The 
yellow excited light is mixed with blue light, thereby gen 
erating white light. 

0088 FIG. 7 is an enlarged cross sectional view showing 
the TiO portion 28B in FIG. 6. The phosphor 28c is 
surrounded by the TiO2 coating film 28b, and blue light 
(indicated by arrows B in FIG. 7) entering from the GaN 
substrate 28 is guided by the TiO2 coating film 28b and 
irradiated to the entire surface of phosphor particle 28c. The 
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yellow excited light (indicated by arrows Yin FIG.7) is also 
radiated from the entire Surface thereof. 

0089 Effect of Fourth Embodiment 
0090. In the fourth embodiment, adding to the effects of 
the Second and third embodiments, the excited light can be 
radiated from the entire surface of phosphor particle 28c. 
0091) Further, with the TiO, coating film 28b surround 
ing the phosphor 28c, the surface area of TiO portion 28B 
can be enlarged. 
0092. Further, since the yellow excited light and blue 
light are densely radiated from the enlarged light radiation 
Surface, the wavelength conversion efficiency can be 
enhanced and thereby the white light emitting element can 
offer higher brightness. 
0093. Although an LED element with epoxy resin layer 
containing phosphor coated thereon is conventionally 
known, the LED element only has such a function that only 
light (about 30% of whole light) radiated at an angle within 
O as shown in FIG. 3 can enter into the epoxy resin layer 
where it is Subjected to the excitation of phosphor. 
0094) Further, although in generating white light there 
from, it is needed to suitably balance the amount of blue 
light and yellow light, both blue light and yellow light may 
be not passed through the phosphor layer and attenuated 
therein if the balancing is conducted only over the LED 
element. Therefore, the concentration of phosphor must be 
increased to Such an extent that it affects the external 
radiation efficiency. 
0.095) Further, light radiated at an angle greater than 0. 
will be confined in the LED element and most of the light 
will be attenuated. Especially, in the multiple layers, the 
absorption ratio (attenuation ratio) of confined light will be 
increased because they have a band corresponding to the 
emission wavelength. 
0096. In contrast, in the fourth embodiment, since the 
Substantially equal refractive indexes are laid between the 
GaN-based Semiconductor layerS and the phosphor layer, 
light reflection at the interface therebetween does not occur. 
Therefore, all light generated from the GaN-based semicon 
ductor layerS can be targeted to the excitation of phosphor 
28c. The light thus entered is suitably absorbed by the 
phosphor 28c, and the phosphor 28c is excited and radiates 
excited light from the entire Surface. 
0097. Further, since the phosphor 28c is surrounded by 
the TiO2 coating film 28b of high refractive index material, 
light can be more readily radiated outside of the TiO2 coating 
film 28b. 

0098. Further, blue light not subjected to the excitation of 
phosphor 28c may be diffused and reflected without entering 
into the phosphor 28c, and it can be efficiently radiated 
outside of the TiO coating film 28b with the uneven surface. 
0099 Further, the phosphor 28c can be efficiently excited 
because it is Surrounded by the high refractive index mate 
rial which can include multi-reflection light. Since light to 
enter into the TiO coating film 28b surrounding the phos 
phor 28c is confined among phosphors 28c and multi 
reflected thereby, the excitation can be efficiently conducted 
at the entire surface of phosphor 28c. Therefore, even when 
the concentration of phosphor 28c is reduced, the Suitable 
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balancing of white light can be readily obtained. In addition, 
it can be avoided that both blue light and yellow light is not 
passed through the phosphor layer and attenuated therein. 
0100 Further, light excited by the phosphor 28c is con 
verted into a long wavelength and therefore not Subjected to 
absorption at a band corresponding to emission wavelength. 
Thus, its attenuation ratio in the light emitting element 
becomes lower than that of blue light and its external 
radiation efficiency becomes higher. Therefore, the white 
LED element 2 can be downsized while offering high 
brightness. Further, since the TiO portion 28B to produce 
white light can be formed in wafer Stage, the productivity 
can be enhanced and the accuracy of color tone adjustment 
can be enhanced. 

0101 Further, since the phosphor layer is not formed on 
the side, it is desirable that the LED element 2 is thinned as 
long as it does not cause Some trouble in the fabrication 
process. In the fourth embodiment, for regular type, the 
width and thickness each are about 300 um and about 100 
lum, and for large current type, about 1000 um and about 100 
plm. 

0102 Alternatively, the phosphor layer may be formed 
partly on the Side by forming a groove by conducting wide 
half-cutting in wafer State and then coating the phosphor 
layer. 
0.103 Although in the fourth embodiment the LED chips 
are made by dicing after the phosphor layer is formed on the 
wafer GaN Substrate 28, the TiO coating film 28b to 
surround the phosphor 28c may be formed after the dicing 
if the heat resistance of electrode can be Secured. Alterna 
tively, the phosphor layer may be formed all on the side of 
LED element 2. 

0104. In the fourth embodiment, the TiO portion 28B 
may contain the TiO particle as a light diffusion particle 
explained in the third embodiment to be mixed with the 
phosphor 28c. In this case, the other light diffusion particle 
of a material other than TiO, may be mixed therein. The 
phosphor 28c may be a phosphor complex instead of a 
phosphor particle. 

0105 The inventors found that, in the case of a GaN 
based LED element with GaN-based semiconductor layers 
and Al-O coating film formed on a Sapphire Substrate, the 
external radiation efficiency can be enhanced as compared to 
the conventional LED element, though not coming up to that 
of the LED element 2 in the fourth embodiment. 

0106. In producing white light, other than the mixing of 
blue light and yellow light, the wavelength conversion 
mixing of ultraviolet light and excited light from RGB 
phosphors may be used. The emission light color is not 
limited to white and may be another color produced by 
wavelength conversion. 
0107 Although in the fourth embodiment the wet type 
alkoxide preparation is used, a dry type preparation with a 
high refractive indeX may be of phosphor of oxynite glass 
and TiO2 and made by Sputtering them Simultaneously to 
mix the phosphor in the preparation. 
0108. Although in the first to fourth embodiments the 
invention is applied to the GaN-based LED element 2, the 
invention can be applied to LED elements of the other 
material Such as GaP-based or GaAS-based Semiconductors. 
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Fifth Embodiment 

0109 Composition of Light Emitting Device 1 
0110 FIG. 8A is a cross sectional view showing a light 
emitting device in the fifth preferred embodiment according 
to the invention. FIG. 8B is an enlarged side view showing 
an LED element 10 in FIG. 8A. 

0111. The light emitting device 1 is composed of: a 
face-up type LED element 10 of GaN-based semiconductor 
compound; lead members 11A, 11B that are of copper and 
electrically connected to the LED element 10; wires 12 that 
are of gold and connects between the LED element 10 and 
the leads members 11A, 11B, a seal member 13 that is of 
epoxy resin (n=1.5) and seals integrally the LED element 10, 
lead members 11A, 11B and wires 12. 
0112 Composition of LED Element 10 
0113. As shown in FIG. 8B, the LED element 10 is 
composed of: a Sapphire substrate 101; an AlN buffer layer 
102; an n-type GaN cladding layer 103; multiple layers 104 
including a light emitting layer; a p-type AlGaN cladding 
layer 105; a p-type GaN contact layer 106; a thin-film 
electrode 107 of fold; a pad electrode 108 connected to the 
thin-film electrode 107; an n-type electrode 109 formed on 
the n-type GaN cladding layer 103; a protection film 110 
provided on the upper and side faces of LED element 10 
except for the pad electrode 108 and n-type electrode 10; and 
a TiO coat 111 that contains TiO beads and is provided on 
the upper and Side faces. 
0114) Nitride-based semiconductor layers 113 are com 
posed of the AlN buffer layer 102, n-type GaN cladding 
layer 103, multiple layers 104, p-type AlGaN cladding layer 
105, and p-type GaN contact layer 106 that are grown on the 
Sapphire Substrate 101. The LED element 110 is a large chip 
with a size of 1x1 mm. It may be another chip with a size 
of e.g., 0.3x0.3 mm. 
0115 The protection film 110 is a thin film of TiO, made 
by Sputtering and has a refractive index (n=2.6) equal to that 
of nitride-based semiconductor layers 113. It also serves as 
electrical insulation due to the covering between the pad 
electrode 108 and n-type electrode 109. 
0116. The TiO2 coat 111 is provided as a preparation for 
offering the light diffusion property, and it is a thin film of 
TiO, made by thermally treating Tialkoxide at 400° C. The 
TiO2 coat 111 contains, as a light diffusion particle, TiO2 
beads 111A with a diameter less than 1 uM and is thereby 
formed uneven. 

0117 Process of Making the LED Element 2) 
0118. On the Sapphire Substrate 101, grown are the AIN 
buffer layer 102, n-type GaN cladding layer 103, multiple 
layerS 104 including the light emitting layer, p-type AlGaN 
cladding layer 105, p-type GaN contact layer 106 by known 
growth method such as MOCVD. Then, in order to secure a 
region need to form the n-type electrode 109, the p-type 
GaN contact layer 106 to the n-type GaN cladding layer 103 
are partly etched. Then, the thin-film electrode 107 is formed 
on the surface of p-type GaN contact layer 106. Then, the 
pad electrode 108 is formed on the Surface of thin-film 
electrode 107 and the n-type electrode 109 is formed on the 
surface of n-type GaN cladding layer 103. Then, the TiO, 
protection film 110 is formed by sputtering on the entire 
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upper Surface except for the pad electrode 108 and n-type 
electrode 109. Then, the wafer is cut into a desired chip size 
by dicing to obtain the LED element 10. 
0119 Process of Making the Light Emitting Device 1 
0120) A lead frame (not shown) is provided that has the 
lead members 11A, 11B with a predetermined shape. The 
LED element 10 is bonded through Ag paste onto the lead 
member 11B. Then, the lead member 11A is electrically 
connected through the wire 12 to the pad electrode 108 of 
LED element 10, and the lead member 11B is electrically 
connected through the wire 12 to the n-type electrode 109 of 
LED element 10. Then, the TiO, coat 111 is formed by 
coating Ti alkoxide containing the TiO beads 111A on the 
upper and side faces of LED element 10 and then thermally 
treating it at 400° C. The TiO coat 111 is formed porous by 
the thermal treatment. Then, resin Sealing is conducted by 
using a mold (not shown) to the lead member 1A and the 
lead member with the LED element 10 mounted thereon. 
Thereby, the seal member 13 of epoxy resin is integrally 
formed. The seal member 13 is formed Such that a dome 
corresponding to the shape of mold is provided on the light 
radiation surface side of LED element 10. The resin sealing 
can be conducted by transfer molding. Then, the lead 
members 11A, 11B are cut off from the lead frame. 
0121 Operation of Light Emitting Device 1 
0122) When power is supplied to the lead members 11A, 
11B from a power source (not shown), light is emitted from 
the multiple layers 104 of the LED element 10. Of light 
emitted from the multiple layers 104, a light component 
heading to the Sapphire Substrate 101 is reflected on the 
interface of the Sapphire substrate 101 and the AlN buffer 
layer 102 or the bottom face of the Sapphire substrate 101. 
On the other hand, a light component heading to the light 
radiation surface passes through the thin-film electrode 107, 
entering into the protection film 110, entering into the TiO, 
coat 111. The light entering into the TiO coat 111 enters into 
the seal member 13 while being diffused by the TiO beads 
11A, being radiated outside of the seal member 13. Further, 
a light component being repeatedly reflected in the multiple 
layers 104 enters into the protection film 110 on the side 
face, entering into the Seal member 13, being radiated 
outside of the seal member 13. 

0123. Effect of Fifth Embodiment 
0.124. The fifth embodiment offers the following effects. 
0.125 (1) Since the protection film 110 with a refractive 
indeX equal to or greater than that of nitride-based Semicon 
ductor layers 113 composing the LED element 10 is formed 
on the upper and side faces of the LED element 10, light 
emitted from the multiple layers 104 can enter into the 
protection film 110 without being reflected at the interface. 
Thereby, light to be confined in the nitride-based semicon 
ductor layers 113 can be reduced. In the conventional LED 
element, the protection film of SiO for the insulation 
between the electrodes has a refractive index n=1.5 Smaller 
than that of Semiconductor layers, and therefore the external 
radiation efficiency out of the LED element lowers. In this 
embodiment, even when the internal emission efficiency is 
equal to that of the conventional LED element, light can 
enter into the protection film 110 without having any internal 
loSS Such as interface reflection and, therefore, the light 
radiation efficiency can be enhanced. 



US 2005/0093008 A1 

0126 (2) Further, since the surface of the protection film 
110 is covered with the TiO2 coat 111 having the refractive 
index equal to or greater than that of the protection film 110 
and containing the TiO beads 11A, the LED element 10 can 
have the uneven Surface on the upper and Side faces to 
increase the Surface area. Thereby, light can be diffused 
while reducing the internal loSS Such as interface reflection 
and therefore the external radiation efficiency can be 
enhanced. 

0127 (3) Since the transparent and porous thin film can 
be obtained by forming the TiO coat 111 by the thermal 
treatment of Ti alkoxide, the optical shape on the upper and 
Side faces can be complicated. Thereby, the light diffusion 
property can be further enhanced in addition to that by the 
TiO beads 11A. 
0128 (4) Since the external radiation efficiency can be 
thus enhanced even in the face-up type LED element 10 with 
the electrodes formed on the upper face, high brightness can 
be obtained as compared to the same type of light emitting 
device without the protection film 110 and TiO coat 111. 

Sixth Embodiment 

0129. Composition of LED Element 10 
0130 FIG. 9 is a side view showing an LED element in 
the Sixth preferred embodiment according to the invention. 

0131 The LED element 10 of the sixth embodiment has 
a wavelength conversion type Structure that a TiO2 coat 112 
containing phosphor particles 112A is formed on the pro 
tection film 110. In this embodiment, like components are 
indicated by the same numerals used in the fifth embodi 
ment. 

0132) The phosphor particle 112A is, for example, 
Ce:YAG (yttrium aluminum garnet). In this case, it is 
excited by blue light with a wavelength of 460 nm and 
radiates yellow excited light with a wavelength of 520 to 550 
nm. The yellow excited light is mixed with blue light, 
thereby generating white light. 

0133) Effect of sixth Embodiment 

0134. In the sixth embodiment, adding to the effects of 
the fifth embodiment, the excited light can be radiated from 
the entire Surface of phosphor particle 112A Since the 
phosphor particles 112A are provided on the light extraction 
Surface Side. 

0135 Further, with the TiO2 coat 112 surrounding the 
phosphor particle 112A, the surface area of TiO2 coat 112 
can be enlarged. 

0.136 Further, since the yellow excited light and blue 
light are densely radiated from the enlarged light radiation 
Surface, the wavelength conversion efficiency can be 
enhanced and thereby the white light emitting element can 
offer higher brightness. 

0.137 Although an LED element with epoxy resin layer 
containing phosphor coated thereon is conventionally 
known, the LED element only has such a function that only 
light (about 30% of whole light) radiated at a critical angle 
of n=1.4 to 1.5 can enter into the epoxy resin layer where it 
is Subjected to the excitation of phosphor. 
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0.138 Further, although in generating white light there 
from, it is needed to suitably balance the amount of blue 
light and yellow light, both blue light and yellow light may 
be not passed through the phosphor layer and attenuated 
therein if the balancing is conducted only over the LED 
element. Therefore, the concentration of phosphor must be 
increased to Such an extent that it affects the external 
radiation efficiency. Especially, in the multiple layers, the 
absorption ratio (attenuation ratio) of confined light will be 
increased because they have a band corresponding to the 
emission wavelength. 
0.139. In contrast, in the sixth embodiment, since the 
Substantially equal refractive indexes are laid between the 
nitride-based semiconductor layers 113 and the phosphor 
layer, light reflection at the interface therebetween does not 
occur. Therefore, all light generated from the nitride-based 
Semiconductor layers can be targeted to the excitation of 
phosphor particle 112A. The light thus entered is suitably 
absorbed by the phosphor particle 112A, and the phosphor 
particle 112A is excited and radiates excited light from the 
entire Surface. 

0140) Further, since the phosphor particle 112A is Sur 
rounded by the TiO coat 112 of high refractive index 
material, light can be more readily radiated outside of the 
TiO, coat 112. 
0141 Further, blue light not subjected to the excitation of 
phosphor particle 112A may be diffused and reflected with 
out entering into the phosphor particle 112A, and it can be 
efficiently radiated outside of the TiO coat 112 with the 
uneven Surface. 

0.142 Further, the phosphor particle 112A can be effi 
ciently excited because it is Surrounded by the high refrac 
tive index material which can include multi-reflection light. 
Since light to enter into the TiO2 coat 112 surrounding the 
phosphor particle 112A is confined among the phosphor 
particles 112A and multi-reflected, thereby, the excitation 
can be efficiently conducted at the entire Surface of phosphor 
particle 112A. Therefore, even when the concentration of 
phosphor particles 112A is reduced, the Suitable balancing of 
white light can be readily obtained. In addition, it can be 
avoided that both blue light and yellow light is not passed 
through the phosphor layer and attenuated therein. 
0.143 Further, light excited by the phosphor particle 112A 
is converted into a long wavelength and therefore not 
Subjected to absorption at a band corresponding to emission 
wavelength. Thus, its attenuation ratio in the light emitting 
element becomes lower than that of blue light, and its 
external radiation efficiency becomes higher. Therefore, the 
white LED element 10 can be downsized while offering high 
brightness. The phosphor particle 112A may be a phosphor 
complex instead of phosphor particle. 

Seventh Embodiment 

0144) Composition of Light Emitting Device 1 
014.5 FIG. 10A is a cross sectional view showing a light 
emitting device in the Seventh preferred embodiment 
according to the invention. FIG. 10B is an explanatory 
diagram showing the light radiation State in an LED element 
10 in FIG. 10A. In this embodiment, like components are 
indicated by the same numerals used in the fifth embodi 
ment. 
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0146 The light emitting device 1 of the seventh embodi 
ment is structured Such that a glass Seal member 14 of glass 
with high refractive index (processing temperature: 450° C., 
n=1.9) is used instead of the seal member 13 of the fifth 
embodiment, and the TiO2 coat 111 of the fifth embodiment 
is omitted from the light emitting device 10. 
0147 Light emitted from the multiple layers 104 of LED 
element 10 passing through the thin-film electrode 107 and 
enters into the protection film 110. Then, the emitted light 
within a critical angle 0c as shown in FIG. 10B enters into 
the glass Seal member 14. 
0148) Effect of Seventh Embodiment 
0149. In the seventh embodiment, since the LED element 
10 with the protection film 110 (TiO, n=2.6) formed on the 
light extraction Surface is Sealed with the glass Seal member 
14, the light emitting device 1 can have good light Stability 
and heat resistance. 

0150. Further, light emitted from the nitride-based semi 
conductor layerS 113 can reach the interface of the protec 
tion film 110 and the glass seal member 14 without being 
reflected at the interface to the thin-film electrode 107. The 
emitted light within the critical angel 0c=52 degrees is 
externally radiated through the glass Seal member 14. Thus, 
the light extraction efficiency can be enhanced. 
0151. For example, if the protection film 110 is of SiO, 
which is conventionally used, only light within 0=39 
degrees as shown in FIG. 10B can enter into the glass Seal 
member 14. Even if the LED element is sealed with a high 
refractive index material, the light emitting device can have 
only external radiation efficiency equal to that of epoxy 
sealed (refractive index=1.5). In this condition, even when 
the TiO2 coat 111 of the fifth embodiment is formed, light 
cannot sufficiently enter into the protection film 110 (SiO2) 
and therefore it cannot have the light extraction efficiency 
equal to that of the fifth embodiment. 
0152 Although in the seventh embodiment the glass with 
a refractive indeX n=1.9 is used, the Significant property can 
be obtained by using a Seal material with refractive index of 
1.7 or greater. 
0153. Although in the fifth to seventh embodiments the 
nitride-based semiconductor layers 113 is formed on the 
Sapphire Substrate and the protection film and preparation of 
TiO2 is provided on the light extraction Surface, a GaN 
Substrate or SiC Substrate may be used. Also, the protection 
film and preparation provided on the light extraction Surface 
may be of a material with a refractive indeX equal to or 
greater than that of nitride-based Semiconductor layerS 113. 
However, in view of the external radiation from the protec 
tion film or light extracting means, the refractive index is 
preferably equal to that. For example, in the case of GaN 
based LED element, the protection film and preparation 
provided on the light extraction Surface may be of ZnS 
(n=2.4), diamond (n=2.4) etc. Also, SnO (n=1.9) with a 
refractive index slightly lower than that of the nitride-based 
Semiconductor layerS 113 can have the Significant external 
radiation property. Further, even a material with a still lower 
refractive index, if it has a refractive index greater than that 
of epoxy resin as the Seal member, may have Such an effect. 
0154 Meanwhile, since GaAs light emitting element has 
a refractive indeX greater than 3, the range of protection film 
material with an equal refractive index will be limited. 
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0155) Further, the composition of LED element 10 may 
be altered. For example, one of the electrodes may be 
provided on the opposite side to the light extraction Surface, 
or the p-type and n-type electrodes each may be provided 
near the opposite sides. 

Eighth Embodiment 

0156 Composition of Light Emitting Device 1 

0157 FIG. 11A is a side view showing an LED element 
in the eighth preferred embodiment according to the inven 
tion. FIG. 11B is a top view showing part of surface of the 
LED element 10 viewed to a direction of arrow b in FIG. 
11A. 

0158. The LED element 10 of the eighth embodiment is 
provided, on the thin-film electrode 107 of the fifth embodi 
ment, with the protection film 110 of a SiN-based material 
(n=1.8) and a resin film 120 of thermosetting resin (n=2.1). 
In this embodiment, like components are indicated by the 
Same numerals used in the fifth embodiment. 

0159. As shown in FIG. 11A, the resin film 120 has 
uneven portion 120A on the Surface. Thereby, light coming 
through the protection film 110 from the nitride-based 
semiconductor layers 113 is diffused and externally radiated. 

0160 Process of Making the Resin Film 120 

0161. At first, a region for the pad electrode 108 and 
n-type electrode 109 is masked. Then, a 100 um thick film 
material of thermosetting resin is attached on the Surface of 
protection film 110 except for the masked region. Then, the 
Surface with the film material attached thereon is pressed by 
using a mold with an uneven pattern to mold a 100 um deep 
groove on the surface of film material. Then, the entire LED 
element 10 is thermally treated at 175 C. to harden the film 
material to form the resin film 120. Then, the masked region 
for electrodes is removed by etching. 

0162 Effect of Eighth Embodiment 
0163 The eighth embodiment offers the following 
effects. 

0164 (1) Since the resin film 120 of film material with a 
refractive index that is greater than that of the protection film 
110 and approximate to that of the nitride-based semicon 
ductor layers 113 is formed on the protection film 110, light 
emitted from the multiple layers 104 reaches the interface to 
the glass seal member 14 without being reflected at the 
interface to the thin-film electrode 107, entering into the 
glass Seal member 14 and being externally radiated. There 
fore, the light extraction efficiency can be enhanced. 

0165 (2) By attaching the film material with a refractive 
index equal to that of the protection film 110 on the 
protection film 110, the resin film 120 with a uniform 
thickness can be formed on the LED element 10. Thereby, 
light can be uniformly taken out from the light extraction 
Surface. 

0166 (3) With the 100 um thick resin film 120 with the 
uneven portion 120A, the area of light extraction Surface can 
be enlarged and the light extraction efficiency can be 
enhanced. Also, the light diffusion means can be readily 
provided on the surface of LED element 10. 
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0167 (4) Due to the resin molding, the fine pattern can be 
readily formed. 
0168 Although in the eighth embodiment the resin film 
120 is formed by attaching the film material on the protec 
tion film 110, the film material may have the uneven portion 
formed before the attaching. 
0169. Further, other than the film material, varnish ther 
mosetting resin may be used Such that it is molded to form 
the resin film 120 with the uneven portion 120A. 
0170 Further, the resin film 120 may be roughened by 
Surface roughening other than forming the uneven portion 
120A. 

Ninth Embodiment 

0171 Composition of LED Element 10 
0172 FIG. 12 is a side view showing an LED element in 
the ninth preferred embodiment according to the invention. 
0173 The LED element 10 of the ninth embodiment has, 
different from the eighth embodiment, a wavelength con 
version Structure that a resin film 121 containing phosphor 
is formed between the protection film 110 of SiN (n=1.8) 
and the resin film 120 described in the eighth embodiment. 
In this embodiment, like components are indicated by the 
Same numerals used in the fifth embodiment. 

0.174. The resin film 121 is a phosphor-contained film 
material that Ce:YAG (yttrium aluminum garnet) phosphor 
is contained in the thermosetting resin described in the 
eighth embodiment. It is excited by blue light emitted from 
the multiple layers 104 and radiates yellow light. 
0175 Process of Making the Resin Film 121 
0176). At first, a region for the pad electrode 108 and 
n-type electrode 109 is masked. Then, the 100 um thick 
phosphor-contained film material of thermosetting resin is 
attached on the surface of protection film 110 except for the 
masked region. Then, the 100 um thick film material of 
thermosetting resin is attached on the phosphor-contained 
film material. Then, the Surface with the film material 
attached thereon is pressed by using a mold with an uneven 
pattern to mold a 100 um deep groove on the Surface of film 
material. Then, the entire LED element 10 is thermally 
treated at 175 C. to harden the phosphor-contained film 
material and film material to form the resin film 121 and 120. 
Then, the masked region for electrodes is removed by 
etching. 

0177) Effect of Ninth Embodiment 
0.178 The ninth embodiment offers the following effects. 
0179 (1) In Addition to the effects of the eighth embodi 
ment, Since the resin film 121 is of the thermosetting resin 
with a refractive index close to that of nitride-based semi 
conductor layerS 113 and contains the phosphor, the light 
reflection at the interface of the nitride-based Semiconductor 
layers 113 to the resin film 121 can be reduced and the 
phosphor can be uniformly irradiated with light. The exci 
tation of phosphor can be enhanced and unevenneSS in white 
color generated from blue light and excited light can be 
reduced. 

0180 (2) Since the thickness of resin film 121 is 
decreased as thin as 100 um, it can be avoided that the light 
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extraction efficiency lowers due to the light absorption of 
phosphor. Further, Since the phosphor is formed in uniform 
thickness, the wavelength-converted white light can be 
uniformly taken out from the entire light extraction Surface. 
0181 (3) Since it is processed at a low temperature as 
compared to the case of alkoxide, the high refractive index 
material layer containing the phosphor can be readily 
formed without imposing thermal damage to the other 
components. 

0182 Also in this embodiment, as the film material to 
compose the resin film 120, the Varnish thermosetting resin 
may be used such that it is molded to form the resin film 120 
with the uneven portion 120A. 

Tenth Embodiment 

0183 Composition of LED Element 2 
0.184 FIG. 13 is a side view showing an LED element in 
the tenth preferred embodiment according to the invention. 
0185. The LED element 2 of the tenth embodiment is 
composed such that, in the LED element 2 of the first 
embodiment, the Al-O porous portion 20A provided on the 
Sapphire substrate 20 is replaced by the resin film 120 of 
thermosetting resin (n=2.1) described in the eighth embodi 
ment. In this embodiment, like components are indicated by 
the same numerals used in the first embodiment. 

0186 The resin film 120 has the uneven portion 120A on 
the Surface, and light coming through the Sapphire Substrate 
20 is diffused by the uneven portion 120A and radiated 
externally. 

0187 Process of Making the LED Element 2 
0188 In making the LED element 2, at first, the wafer 
shaped Sapphire Substrate 20 is provided. On the Sapphire 
substrate 20, grown are AlN buffer layer 21, n-type GaN 
cladding layer 22, multiple layerS 23 including light emitting 
layer, p-type AlGaN cladding layer 24, p-type GaN contact 
layer 25, n-type electrode 26 and p-type electrode 27 by 
known growth method such as MOCVD. Then, a 100 um 
thick film material of thermosetting resin is attached onto the 
opposite face of the Sapphire Substrate 20 to the face thereof 
with the nitride-based semiconductor layers 30 grown. Then, 
the Surface with the film material attached thereon is pressed 
by using a mold with an uneven pattern to mold a 100 um 
deep groove on the Surface of film material. Then, the entire 
LED element 2 is thermally treated at 175 C. to harden the 
film material to form the resin film 120. Finally, the Sapphire 
substrate 20 with the semiconductor layers and the resin film 
120 formed thereon is cut into a predetermined chip size 
(e.g., 1x1 mm) by dicing to offer LED element 2. 
0189 Effect of Tenth Embodiment 
0190. The tenth embodiment offers the following effects. 
0191 (1) Since the resin film 120 that has a refractive 
index greater than that of the Sapphire Substrate 20 and is of 
thermosetting resin is provided on the Sapphire Substrate 20, 
light emitted from the multiple layers 23 of nitride-based 
semiconductor layers 30 can be diffused by the uneven 
portion 120A and can enter into the seal member 9. 
0.192 (2) Since the resin film 120 with good light diffu 
Sion property is as a thin film provided on the Surface of 
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Sapphire Substrate 20, the light absorption of resin film 120 
in transmission can be reduced and thereby the light extrac 
tion efficiency can be enhanced. 
0193 (3) Since the light extraction surface can be formed 
without avoiding the electrodes, the LED element 2 can be 
manufactured readily and efficiently. 

Eleventh Embodiment 

0194 Composition of LED Element 2) 
0195 FIG. 14 is a side view showing an LED element in 
the eleventh preferred embodiment according to the inven 
tion. 

0196) The LED element 2 of the eleventh embodiment is 
different from that of the tenth embodiment in that a GaN 
substrate (refractive index n=2.4) 28 is used instead of the 
Sapphire substrate 20. 

0197) Effect of Eleventh Embodiment 
0198 In the eleventh embodiment, light emitted from the 
nitride-based Semiconductor layerS 30 can pass through the 
GaN Substrate 28 without generating the interface reflection 
caused by the refractive index difference between the 
nitride-based semiconductor layers 30 and the Sapphire 
Substrate 20. 

0199 The uneven portion 120A of resin film 120 serves 
to diffuse light reaching the surface of GaN Substrate 28 to 
radiate it to the seal member 9. Thereby, the light extraction 
efficiency of LED element 2 can be enhanced. 

Twelfth Embodiment 

0200 Composition of LED Element 2) 
0201 FIG. 15 is a side view showing an LED element in 
the twelfth preferred embodiment according to the inven 
tion. 

0202) The LED element 2 of the twelfth embodiment is 
different from that of the tenth embodiment in that the 
Sapphire substrate 20 of the LED element 2 in the tenth 
embodiment is removed and the resin film 120 with uneven 
portion 120A is formed on the GaN-based semiconductor 
layers 30. 

0203 Effect of Twelfth Embodiment 
0204. In the twelfth embodiment, by removing the sap 
phire substrate 20, the thickness of LED element 2 can be 
reduced and the light absorption or optical loSS from the 
multiple layers 23 to the resin film 120 can be prevented. 
0205 FIG. 16 is an enlarged side view showing part of 
uneven portion 120A in FIG. 15 with a thin film 122 of SiN 
(n=1.8) as an interference film formed thereon. 
0206. As shown in FIG. 16, the resin film 120 may be 
provided with the thin film 122 of SiN (n=1.8) as an 
interference film formed on the uneven portion 120A. By the 
thin film 122 formed on the surface of resin film 120, light 
can be externally radiated being diffused at the interface to 
the resin film 120 with a refractive index n=2.1. Therefore, 
even when the LED element 2 is sealed with the seal 
member 9 with a low refractive index, the light extraction 
efficiency can be enhanced. 
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0207 Meanwhile, in the tenth to twelfth embodiments, 
the phosphor-contained high refractive indeX layer (121) 
may be provided. In this case, the diffusion and reflection 
effects can be obtained by phosphor itself as well as the 
diffusion effects by phosphor-excited radiation light. There 
fore, even without forming the uneven portion, the light 
extraction efficiency can be enhanced. 
0208. In the above embodiments, the multiple layers 23 
or 104 including the light emitting layer may have a homo-or 
hetero-epitaxial Structure, and a quantum well Structure Such 
as multiquantum well (MQW) or single quantum well 
(SQW). 
0209 Although the invention has been described with 
respect to the Specific embodiments for complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the 
art which fairly fall within the basic teaching herein set 
forth. 

What is claimed is: 
1. A light emitting element, comprising: 
a light emitting layer of Semiconductor; and 
a diffusion layer that diffuses light emitted from the light 

emitting layer to increase the external radiation effi 
ciency of the light emitting element. 

2. A light emitting element, comprising: 
a light emitting layer of Semiconductor; and 
a diffusion layer that has a refractive indeX equal to or 

greater than that of the light emitting layer and that 
diffuses light emitted from the light emitting layer to 
increase the external radiation efficiency of the light 
emitting element, 

wherein the light emitting layer has a refractive indeX 
equal to or greater than that of any layerS formed 
between the light emitting layer and the diffusion layer. 

3. The light emitting element according to claim 1, 
wherein: 

the diffusion layer is of a porous material. 
4. The light emitting element according to claim 2, 

wherein: 

the diffusion layer is of a porous material. 
5. The light emitting element according to claim 1, 

wherein: 

the diffusion layer comprises a coat layer with a refractive 
indeX equal to or greater than that of the light emitting 
layer, and a light diffusing particle, and 

the coat layer comprises an uneven Surface. 
6. The light emitting element according to claim 2, 

wherein: 

the diffusion layer comprises a coat layer with a refractive 
indeX equal to or greater than that of the light emitting 
layer, and a light diffusing particle, and 

the coat layer is provided with an uneven Surface. 
7. The light emitting element according to claim 1, 

wherein: 

the diffusion layer comprises a phosphor. 
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8. The light emitting element according to claim 2, 
wherein: 

the diffusion layer comprises a phosphor. 
9. The light emitting element according to claim 5, 

wherein: 

the diffusion layer comprises a phosphor. 
10. The light emitting element according to claim 6, 

wherein: 

the diffusion layer comprises a phosphor. 
11. The light emitting element according to claim 7, 

wherein: 

the phosphor comprises a phosphor particle with a light 
diffusion property. 

12. The light emitting element according to claim 8, 
wherein: 

the phosphor comprises a phosphor particle with a light 
diffusion property. 

13. The light emitting element according to claim 9, 
wherein: 

the phosphor comprises a phosphor particle with a light 
diffusion property. 

14. The light emitting element according to claim 10, 
wherein: 

the phosphor comprises a phosphor particle with a light 
diffusion property. 

15. The light emitting element according to claim 11, 
wherein: 

the diffusion layer comprises a phosphor particle and a 
bead-shaped light transmitting particle. 

16. The light emitting element according to claim 12, 
wherein: 

the diffusion layer comprises a phosphor particle and a 
bead-shaped light transmitting particle. 

17. The light emitting element according to claim 13, 
wherein: 

the diffusion layer comprises a phosphor particle and a 
bead-shaped light transmitting particle. 

18. The light emitting element according to claim 14, 
wherein: 

the diffusion layer comprises a phosphor particle and a 
bead-shaped light transmitting particle. 

19. The light emitting element according to claim 1, 
wherein: 

the diffusion layer comprises a resin material with a high 
refractive index. 

20. The light emitting element according to claim 2, 
wherein: 

the diffusion layer comprises a resin material with a high 
refractive index. 

21. The light emitting element according to claim 19, 
wherein: 

the diffusion layer further comprises a phosphor. 
22. The light emitting element according to claim 20, 

wherein: 

the diffusion layer further comprises a phosphor. 
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23. A light emitting device, comprising: 
a light emitting element that comprises Semiconductor 

layers including a light emitting layer, an electrode to 
Supply electric power to the light emitting layer, and a 
transparent protection layer for protecting the Semicon 
ductor layerS and the electrode, the protection layer 
having a refractive indeX Substantially equal to that of 
the Semiconductor layers, and 

a light extraction portion that is disposed on the protection 
layer to coat the Surface of the light emitting element 
and to enhance the external radiation efficiency of light 
emitted from the light emitting layer. 

24. A light emitting device, comprising: 
a light emitting element that comprises Semiconductor 

layers including a light emitting layer, an electrode to 
Supply electric power to the light emitting layer, and a 
transparent protection layer for protecting the Semicon 
ductor layerS and the electrode, 

a light extraction portion that is disposed on the protection 
layer to coat the Surface of the light emitting element 
and to enhance the external radiation efficiency of light 
emitted from the light emitting layer; and 

a light transmitting material portion that is disposed on the 
Surface of the light extraction portion, 

wherein the light extraction portion and the protection 
layer have a refractive index greater than that of the 
light transmitting material portion. 

25. The light emitting device according to claim 24, 
wherein: 

the protection layer has a refractive indeX equal to or 
greater than that of the Semiconductor layers. 

26. The light emitting device according to claim 23, 
wherein: 

the light extraction portion comprises an uneven Surface. 
27. The light emitting device according to claim 24, 

wherein: 

the light extraction portion comprises an uneven Surface. 
28. The light emitting device according to claim 23, 

wherein: 

the light extraction portion comprises a light diffusing 
particle. 

29. The light emitting device according to claim 24, 
wherein: 

the light extraction portion comprises a light diffusing 
particle. 

30. The light emitting device according to claim 23, 
wherein: 

the light extraction portion comprises a phosphor. 
31. The light emitting device according to claim 24, 

wherein: 

the light extraction portion comprises a phosphor. 
32. The light emitting device according to claim 23, 

wherein: 

the protection layer is formed avoiding the electrode on a 
light radiation Surface of the light emitting element. 
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33. The light emitting device according to claim 24, 
wherein: 

the protection layer is formed avoiding the electrode on a 
light radiation Surface of the light emitting element. 

34. The light emitting device according to claim 23, 
wherein: 

the Semiconductor layers comprises a GaN-based Semi 
conductor. 

35. The light emitting device according to claim 24, 
wherein: 

the Semiconductor layers comprises a GaN-based Semi 
conductor. 

36. The light emitting device according to claim 34, 
wherein: 

the light extraction portion comprises a light transmitting 
material with a refractive index of 1.7 or greater. 
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37. The light emitting device according to claim 35, 
wherein: 

the light extraction portion comprises a light transmitting 
material with a refractive index of 1.7 or greater. 

38. The light emitting device according to claim 23, 
wherein: 

the light extraction portion comprises a resin material 
with a high refractive index. 

39. The light emitting device according to claim 24, 
wherein: 

the light extraction portion comprises a resin material 
with a high refractive index. 


